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Supernova observation via neutrino-nucleus elastic scattering in the CLEAN detector
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Development of large mass detectors for low-energy neutrinos and dark matter may allow supernova detec-
tion via neutrino-nucleus elastic scattering. An elastic-scattering detector could observe a few, or more, events
per ton for a galactic supernova at 10 kpc (810?° m). This large yield, a factor of at least 20 greater than
that for existing light-water detectors, arises because of the very large coherent cross section and the sensitivity
to all flavors of neutrinos and antineutrinos. An elastic scattering detector can provide important information on
the flux and spectrum of, and v, from supernovae. We consider many detectors and a range of target
materials from*He to 2°Pb. Monte Carlo simulations of low-energy backgrounds are presented for the
liquid-neon-based Cryogenic Low Energy Astrophysics with Noble gases detector. The simulated background
is much smaller than the expected signal from a galactic supernova.
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[. INTRODUCTION Alternatively, it may be possible to deteet using inelas-
tic excitations of Pb. Proposals include using lead perchlor-
Rich information on neutrino properties, oscillations, theate, as suggested by Elli¢&], OMNIS[10] and LAND[11].
supernova mechanism, and very dense matter is contained Here some information om, energies may be obtained by
the neutrinos from core-collapse supernofBeExisting de-  measuring the ratio of single- to two-neutron knockout.
tectors such as Super-Kamiokan{2] should accurately However, the inelastic Pb cross sections are somewhat un-
measure ther, component of the supernova signal. How- certain. In contrast, neutrino-nucleus elastic cross sections
ever, the very interesting,,, v,, v,, and v, (collectively ~ can be calculated accurately with very little theoretical un-
v,) components may be detected without direct energy inforcertainty.
mation and or in the presence of significant backgrounds The v, spectrum depends on how neutrinos thermalize
from other neutrino induced reactions. Therefore, additionalith matter in a supernova, and is somewhat uncertain. Keil,
v, detectors could be very useful. Raffelt, and Janka have studied the effects of NN brems-
Perhaps the *“ultimate” supernova detector involvesstrahlung, pair annihilation, and nucleon recoil on the
neutrino-nucleus elastic scatterihg,4]. The count rate in spectrum[12]. These effects can be measured with an
such a detector could be very high because the coherent elagiastic-scattering detector.
tic cross section is large and all six neutrino components Obtaining direct information om, energies may be very
(ve,ve, and the four,) contribute to the signal. In particu- important because the difference in energiesfocompared
lar, the detector is sensitive t,, which are expected t0 {5 5, or y, is the primary lever arm for observing neutrino
have a high energy a_nd large cross section. Elastic scatteringilations. For exampley,— v, oscillations could lead to
detectors can have yields of a few or matgeventsper ton  hjgh energyw, . However, deducing the oscillation probabil-
for a supernova at 10 kpc (3<10? m). This is an increase ity may depend crucially on knowing how hot the were to
by a factor of 20 or more over existing light-water detectorpegin with. Neutrino-nucleus elastic scattering itself is “fla-
yields of hundreds of, and tens ofv, eventsper kiloton vor blind.” Therefore, the signal should be independent of
Furthermore, the energy of nuclear recoils provides direcheutrino oscillations(among active specigsThus elastic
information on thev, spectrum. Existing detectors measure scattering may provide a baseline with which to characterize
vy Via neutral-current inelastic reactions on oxy@Bh deu-  the supernova source. Comparing this information to other
terium [6], or carbon[7]. Here the observed energy deposi- flavor-dependent information and theoretical simulations
tion does not depend on the neutrino energy as long as it imay provide the best evidence of oscillations.
above threshold. Perhaps neutrino-proton elastic scattering The kinetic energy of the recoiling nuclei is low, typically
[8] can be detected in KamLAND7]. This is similar to  below 100 keV. It is difficult to detect such low-energy
neutrino-nucleus elastic scattering but has a smaller crossvents in the presence of radioactive backgrounds. Further-
section. more, scintillation signals from the nuclear recoils may be
reduced by quenching because of the very high ionization
density. However, recent progress in designing detectors for
*Email address: horowitz@iucf.indiana.edu low-energy solar neutrinos suggests that detection may be
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feasible. In general, backgrounds for solar neutrinos with a do 2 2

low count-rate signal may be more severe than those for a IO mkz(lﬂLCOS@)TF(QZ)Z, 1)
supernova, where all of the events are concentrated in a few-

second interval. for a neutrino of energk scattering at anglé. The Fermi

Cryogenic Low Energy Astrophysics with Noble gasesconstant isG. This coherent cross section depends on the
(CLEAN) is a proposed detector for low-energy solar neutri-square of the weak charg@,,

nos based on scintillation in an ultrapure cryogenic liquid

[13]. This will detect electrons from neutrino-electron scat- Qu=N—(1—4sirf®)Z 2

tering at energies comparable to the recoil energy of nuclei

from supernova neutrinos. In this paper we discuss the utiliypf @ nucleus witiN neutrons and protons. The weak mix-

of CLEAN for supermovae detection via neutrino-nucleusing angle is sifiy~0.231[21]. We assume a spin-zero tar-

elastic scattering. get. Finally, the ground-state elastic form fac®fQ?) at
There is considerable interest in the direct detection offomentum transfe@,

weakly interacting massive particl€®/IMP). These are ex-

pected to produce recoiling nuclei with a spectrum somewhat Q?=2Kk*(1-cos), 3)

similar [14] to that of supernova neutrino-nucleus elasticiS

scattering. Again, backgrounds for WIMP detection may be

larger than for supernovae because of the low WIMP count 1 sin(Qr)

rates. Present WIMP detectors, for example CDMS], F(Q2)=Q—f d3r or [pn(r)—(1-4 sir?@w)pp(r)].

have small target masses. However, future detectors may be W @)

larger.

It is important to search for neutrinoless double-beta deHere p,(r) is the neutron density and,(r) is the proton
cay, as this can distinguish Dirac from Majorana neutrinosdensity. The form factor is normalizefl(Q?>=0)=1. We
Existing "°Ge experiments use multikilogram mas$&6].  neglect a small correction from the single-nucleon form fac-
The next-generation experiments such as MajofdTa or  tors.

Genius[18] may employ up to a ton of Ge. The need for The inclusion of F(Q?) is crucial for heavier targets.
good energy resolution, to tell neutrinoless from two-However, we evaluate it at relatively sm&F so the exact
neutrino double-beta decay, often aids in the detection oform of the densities is not important. The proton density is
low-energy recoils. We calculate that the largest double-betaften well constrained by measured charge densities. For
decay experiments may soon be sensitive to galactic supegimplicity we use theoretical densities from simple
novae via elastic scattering. relativistic-mean-field calculations using the successful NL3

Finally, micropattern gas detectofdd] may have a effective interactiorf22]. These calculations assume spheri-
threshold low enough to detect nuclear recoils. This mayal ground states and do not include pairing corrections. The
allow the observation of neutrino-nucleus elastic scattering'Se Of other densities is not expected to change our results

using reactor antineutrinos. significantly. _ . . ,

Thus the technical requirements for detecting low-energy W& now consider a simple “standard model” for the
solar neutrinos, WIMP, double-beta decay, and supernovas-Pernova-neutrino spectra, see for examf#8]. This
via nuclear-elastic scattering may be similar. One detector omc’del,&'s close to what_gther_s have used. A total energy of
approach for low-threshold, low-background, large mass < 10°° ergs (1 erg=10"" J) is assumed to be radiated in

measurements may have applications in multiple areas, ifl€utrinos from a supemova at a distarcef 10 kpc (3.1

cluding supernova detection via neutrino-nucleus scattering’* 107° m). For simplicity we use Boltzmann spectra at tem-

In Sec. Il we fold elastic scattering cross sections with aperatures okgT=23.5, 5 and 8 MeV for thee, v and vy
model supernova neutrino spectrum to produce recoil spectieomponents, respectively. Hekg is the Boltzmann con-
and yields. We consider a range of noble-gas targets froratant, which we set to one in the rest of the paper. The use of
“He to %%Xe along with *2C, 28si, "6Ge, *“Cd, '%°Te, and  Fermi Dirac spectréat zero chemical potentiashould give
2080 We also discuss extrapolating yields to nearby isosimilar results. However, neutrino-nucleus elastic scattering
topes. Section Il focuses on the liquid-Ne-based CLEANIs sensitive to the high-energy tails in the spectra. Therefore
detector, which appears to be very promising. A Monte Carlgion-thermal spectra could modify our results somewhat and
simulation of backgrounds in CLEAN is presented and com-should be investigated in future work. B
pared to the expected supernova signal. We discuss the large We assume equal partition in energy amongithe’, and
signal-to-background ratio, choice of fiducial volume, andthe four », components. Therefore this standard supernova
possible detector thresholds. We conclude in Sec. IV. radiates a total ONve=3-0>< 107, N;ez 2.1x 10°7 and vi

=5.2x 10°7 neutrinos. The time integral of the neutrino flux
at Earth¢;(k) for a neutrino of energk is

Il. SUPERNOVA SIGNALS IN VARIOUS DETECTORS

2

The neutrino-nucleus elastic-scattering cross section bi(K)= ! Nike_k/Ti' (5)

(K)= —=
do/dQ is [20,3], 4md 2T;

023005-2



SUPERNOVA OBSERVATION VIA NEUTRINO-NUCLELW . . .

0.12F\:
0.11f
0.1f
Z 0.09
E 0.08f
9 0.07}
30.06
= 0.05P

0.03}
0.02f
0.01f

E (keV)

FIG. 1. Yield versus recoil kinetic enerdy. The solid curves
are for noble targets ofHe, ?Ne, “°Ar, 8Kr and *Xe as indi-
cated; the dashed curve is fofC. Finally the dotted curve, only
shown for °Ne, assumes a reduced, temperature ofTVx
=5 MeV.

fori=wvg, ve, Or vy.
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G2Qp Nt
Y(E)=— S=MF?2ME)| 7— 0| Zi-y, by,
XN;(ti+1)et, @

with t;=[ME/(2T?)]*2 For large recoil energg, Y(E) is
proportional to

2
Y(E)—>F2(2M E)ef(MIZTVX)l/ZE:L/z. (8)

For light nuclei the high-energy tail continues to hundreds of
keV and is produced by the scattering of very-high-energy
v,. However, for heavier nuclei the tail is sharply reduced
by the nuclear form factor.

We consider first noble-liquid detectors frofHe to
132xe and then a range of other detectors in order of increas-
ing mass numbef from %C to 2°Pb. The yieldY(E) from
Eq. (7) is shown in Fig. 1 for detectors made tifle, °Ne,
4OAr, 84Kr, and *2Xe. We do not mean to imply that detec-
tors would be feasible with all of these liquids. However, we
show these nuclei to illustrate how the yield dependsAon

Microscopic simulations of supernovae suggest that equabr a broad range oA. The spectra in Fig. 1 are peaked at

partition of energy may be good only t&25%. Further-
more, there is important uncertainty in thg spectrum, with
estimates ofr,,x ranging from~6 to 8 MeV. It is an impor-

tant goal of elastic-scattering detectors to meastife

low recoil energyE. IncreasingA raises the cross section
because coherent scattering is proportionaNto Thus at
low energiesY(E) increases significantly with. However,
asA increases the spectrum is strongly shifted to lower en-

Therefore, the predictions of our supernova spectrum hav@rgies by the form factor and the large target mass. The en-
significant uncertainties. Nevertheless, this simple modefrdy integral ofY(E), or total yield, is given in Table I in
should provide order-of-magnitude estimates and may allovgvents per ton of detector. Also listed are events above a

easy comparisons to other calculations.
The yield of recoiling nuclei with energlf and masd is

Y(E)=2aNSi_, 7, del«ﬁi(k)
e'"e' X 0

Q2

Jld 05| E do 6
X—l Ccos —mm, ()

threshold of 5, 10, 25, or 50 keV. Finally, the average recoil

energy of the nuclei is given. This average is influenced by a
small number of events at high energies, while the spectrum
is peaked at low energies.

The optimal choice oA may involve a trade-off between
the cross section, which favors high and the recoil energy,
which favors smallA. This choice may depend on the attain-
able threshold. Furthermore, the choice of target material de-
pends on a host of other practical considerations, including

whereN; is the total number of target atoms. For our Boltz- the presence of possible backgrounds from radioactive iso-

mann spectra this integral is simple:

topes. Although*He has a relatively small cross section it

TABLE I. Yield in events per ton for a supernova at 10 kpc assuming different target materials. Also listed
is the number of events above thresholds of 5, 10, 25 or 50 keV. Finally the average recoil {feigy

given.
(E)
Target Y Y>5 keV Y>10 keV Y>25 keV Y>50 keV (keV)
“He 0.85 0.82 0.79 0.72 0.62 240
2c 2.5 2.2 2.0 1.6 1.1 83
2Ne 4.0 3.3 2.9 2.0 1.2 46
285 55 4.2 3.4 2.1 1.1 31
4OAr 9.4 6.6 5.0 2.5 0.99 21
“Ge 18.6 9.6 5.8 1.7 0.30 9.5
84Kr 19.8 9.5 55 1.4 0.20 8.4
4cd 26.3 9.7 4.6 0.70 0.041 5.7
1301e 31.8 10.1 4.3 0.47 0.014 4.8
32xe 31.1 9.8 4.1 0.43 0.012 4.8
208pp 475 7.3 1.7 0.022 0.001 2.6
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has high recoil energies. We find a total yield in Table | of 10g
0.85 events per ton. Helium-based solar-neutrino detectors '
include HERON[24] and TPC[25] (or HELLAZ [26]).

Perhaps nuclei neak=40 give a reasonable balance be-
tween the cross section and the recoil energy. However, Ar
may have backgrounds from radioactivéAr and A,
while Kr may have backgrounds froff?Kr. Xenon is being
used in several dark-matter, double-beta decay and solar- .
neutrino detectors, including XMASE7], XENON [28] 0.01¢
and ZEPLIN[29]. The total yield is very large, 31 events per :
ton. However, becaus&?Xe is heavy, there is a strong pre-
mium on obtaining a low threshold. Background from the 2
double-beta decay of**Xe should not be a problem for a
supernova detector. FIG. 2. Yield versus recoil kinetic enerdy. The solid curves

Above a threshold of 25 keV the yield is a relatively slow are for targets of®Si and2°%Pb; the dashed curve is fé+Cd; the
function of A. Therefore one may have considerable freedonotted curve is for'®Ge; and the dot-dashed curve is fofTe.
in the choice of target material. We consider the CLEAN
liquid-Ne solar-neutrino detectdd 3] at some length. The per ton and an average recoil energy of 9.5 keV. The double-
total yield of 3.99 events per ton is dominated by 388 beta decay experiment Majorafit7] is proposed to have a
events with only 0.38, and 0.53v, events. One is very 500 kg mass, while GeniJ48] has a proposed mass of one
sensitive to they, spectrum. For example, if the, tempera-  ton. These detectors should have very low backgrounds and
ture is not the expected 8 MeV but instead is near tha?gor low thresholds. Therefpre they should be sensitive to a su-
T,=5 MeV, the spectrum in Fig. 1 is greatly changed. ThigPermova at l(.) Kpc. It. IS remarkable that such small target
verifies that the recoil spectrum contains direct information'aSSes can y'?ld statistics for our own galax_y comparable to
on thev, energies. A Monte Carlo simulation of backgroundsthose f(_)r the historic IMB and_ Kamiokande signals from SN
in CLEAN is presented in Sec. III. 1987A in the Large Magellanic Cloud.

H 11 13l 20 : H H
We now consider a number of other targets. Detectors. FInally, “Cd, "°Te and”*Pb yields are listed in Table I.

; ; 3
based on organic scintillator such as Borexino and Kam- € yield and spectrum fo*Te is very close td*Xe (see

LAND [30,7] have a yield of 2.50 events per ton HC, see Figs. 1 gg]d 2 since they both ha_ve 78 neutrons. The heavy
Table I. With any carbon-based detector there will be backnucleus *Pb has a very large yield of 47.5 events per ton.
grounds from“C. Borexino should have a ratifC/2C of However, the average recoil energy is only 2.6 keV. Back-
the order 108 [30]. At a concentration of 108 there will grounds and the need for a very low threshold may make a

be about two'“C decays per ton during the 10 sec of an detector very Q|ﬁ|cult to bu'l.d' :

supernova neutrino burst. This is comparable to the number The nuclle| n F'g.s' 1 and 2 display a range Of. recoil spec-

of elastic recoils. However, th&C background should have tra. For point _nuclel there_ would be a smgl«_a universal spec-

a different spectrum and can be well measured at othertimersr.aI sha_pe, W'th. the re.CO'I energy decreas_mg and the yield

Therefore, this background may not prevent the use of carlicreasing with ||jcrea3|ng. However, the d|ﬁerent nuclear

bon as a supernova detector, even if it does prevent the Olggrm factors mod|fy the spectra for heavy nuclei.

servation of pp solar neutrinos. Quenching may be a serious. Fma]ly, we provide a S|mple formula to ex'trapolate the

problem for organic scintillator. The amount of light pro- yields in _Table | t0 nearby isotopes. If one ignores S”_‘a”

duced from recoiling C ions may be much less than that fophanges In th_e form factors pf hearby nuclei, then the yield

recoiling electrong8]. vylll be approximately proportional to the square of an effec-
An organic scintillator will also have events from tive weak chargeQers,

neutrino-proton elastic scatterifg]. We estimate a yield of ) 5

about 0.33 events per ton of GHBecause of the light pro- Qer1= Sa.0da39a T Qu, ©

ton mass these events will have a larger recoil energy. The

proton elastic-scattering cross section has a theoretical uncetith Qw from Eq. (2), and 6a oqq=1 for odd A nuclei and

tainty of 10% to 20% from possible strange quark contribu-Sa,0da=0 for evenA nuclei. This factor takes into account

tions to the nucleon’s axial current and spai]. It would be  the axial current of the last nucleon wig =1.26. Because

very useful to have better laboratory measurements ofhis term adds in quadrature wig,, it makes a very small

neutrino-proton elastic scattering. In contrast, strange quarkgontribution, except for very light systems such as the

are not expected to make significant contributions for super’proton.l For example, using Eq9) we find that?!Ne and

nova neutrino-nucleus elastic scattering. Indeed, there is af¥®Ne have cross sections, respectively, 1.29 and 1.48 times

most no theoretical uncertainty in the neutrino-nucleus elasthat of 2°Ne. Natural Ne is 0.3%'Ne and 8.8%’Ne so this

tic cross sections. will lead to a slight increase in yield over that for pui¥e.
Silicon detectors such as those described4ihhave a

yield of 5.5 events per ton and the recoil spectrum is shown—

in Fig. 2, while ®Ge detectors have a yield of 18.6 events XWe ignore the slightly different angular distribution of this term.

0.1

Yield (per keV ton)

0.001

20 0
E (keV)
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, FIG. 4. Yield for full a 100 ton fiducial mass of CLEAN versus
P > recoil kinetic energ)yE. The solid curve is the expected supernova
7imeters signal assuming a distance of 10 kpc andatemperatureT,
< s > =8 MeV. The dashed curve assumés =6 MeV. Finally, the
meters thick curve is the predicted background from the Monte Carlo simu-
FIG. 3. Diagram of CLEAN. lation assuming an observing time of 10 sec.
IIl. THE CLEAN DETECTOR than that of liquid xenon, while the scintillation mechanism

in liquid neon is qualitatively similar. For the following

CLEAN, a detector concept based on liquid Ne, wassimulations, we assume that the quenching factor for liquid
originally proposed for the detection of low-energy solarneon is 0.25. Clearly the scintillation quenching factor in
neutrinos. It will also have high sensitivity to weakly inter- liquid neon would have to be accurately measured in order to
acting massive particle8VIMP). Liquid neon has a high properly interpret any supernova data.
scintillation yield, has no long-lived radioactive isotopes, and As for all neutrino detectors, a prime design consideration
can be easily purified using cold traps. In addition, neon isn CLEAN is the reduction of radioactive backgrounds. We
inexpensive, dense, and transparent to its own scintillatioexpect that any radioactive species suspended in the liquid
light, making it practical for use in a large self-shielding neon will be removed by passing the neon through charcoal
apparatus. Here we consider a CLEAN detector in which ar similar adsorbant; however, there will remain a high rate
stainless steel tank holds 200 tons of liquid neon, half ofof gamma rays entering the liquid neon after being emitted
which is exposed to a wavelength shifter to convert the ulby the surrounding photomultipliers, photomultiplier support
traviolet light to the visible. Inside the tank and suspended irstructure, wavelength shifter, and stainless steel tank contain-
the liguid neon are several thousand photomultipliers. A diaing the liquid neon.
gram of the proposed CLEAN design is shown in Fig. 3. Figure 4 shows the expected supernova neutrino recoil

CLEAN will also be sensitive to supernova neutrinos, de-spectrum for a CLEAN detector with 100 tons of active lig-
tected through neutrino-nuclear scattering. In this case theid neon, assuming 3750 scintillation photons per MeV,
entire active neon mass inside the wavelength shifter can bE00% efficiency for the wavelength shifter, photomultiplier
used, with a possible modest fiducial volume cut to reduceoverage of 75%, and a photomultiplier quantum efficiency
radioactive backgrounds. of 15%. Also shown is the expected radioactive background

Of prime importance for determining the sensitivity of for 10 sec of observing time, assuming that the combined
CLEAN to neutrino-nuclear scattering is the determinationgamma and x-ray emission is dominated by the photomulti-
of the light yield of liquid neon for nuclear recoils. Because plier glass and the wavelength shifter substrate. The simula-
the density of excitation in the scintillator is typically higher tion assumes photomultipliers 20 cm in diameter, each with
for nuclear recoils than for electron recoils, the chemicallymass 650 g, with 30 ng per g of U and Th and &0 per g
excited species are more likely to interact, increasing thef K in the glass. The wavelength shifter is assumed to be
likelihood that energy will be lost through mechanisms thatevaporated on quartz wafers of 1 mm thicknesshwait) and
do not produce light. This quality is often expressed as &h concentration of 1 ng per g. From“8ec of simulated
“guenching factor,” the ratio of light emitted for a nuclear data, we find a background of 68 events in 10 sec within
recoil to the light emitted from an electron recoil, per unit the energy range of 0 to 200 keV. Here the uncertainty cor-
deposition energy. While the quenching factor for liquid responds to thetl-sigma interval for a particular 10-sec
neon has not yet been measured, we expect it to be similar imbservation. Since liquid neon has no long-lived radioactive
magnitude to the quenching factor measured for liquid xeisotopes that would limit its practical threshold, the CLEAN
non. Receniand widely disagreeingmeasurements of the detector could conceivably trigger on as few as two photo-
liquid xenon quenching factdB2,33 are 22% and 43%. The electrons. The accidental coincidence rate in CLEAN will be
amount of quenching for liquid neon should be less than thalow, as the photomultiplier dark count rate will be suppressed
for liquid xenon, as the densit{l.2) of liquid neon is less at liquid-neon temperatur@7 K). Thus we expect that the

023005-5



HOROWITZ, COAKLEY, AND McKINSEY PHYSICAL REVIEW D 68, 023005 (2003

5 - . - . - . - formation from the nuclear recoils. The recoil spectra in
Figs. 4 and 5 show a large difference betwegrtempera-
PN, = Background | | tures of 6 and 8 MeV. This verifies the large sensitivityto
o %fg 11:/143// | energies. We now speculate on how well CLEAN could mea-
sure ther, spectrum.

The large number of eventss 330, relatively low back-
ground and low threshold, 5 keV, in Fig. 4 suggests that
CLEAN could determine a single parameter with a statistical
accuracy of almost 5%. For example, the background rate in
Fig. 4 of 62 events in 10 sec will be well measured at other
times. Therefore, it will only contribute a statistical uncer-
o tainty of +62Y2~8 events or 2% which is negligible.

0 50 100 50 200 Perhaps one is most interested in trying to extract two
E (keV) parameters: information on the, flux and information on
the v, spectrum. Clearly the error in extracting two param-
eters will be larger then that for a single parameter. Never-
assuming a distance of 10 kpc and-atemperaturel, =8 MeV. theless, the large numbgr of events in Fig. 4 and the strong
The dashed curve assunies =6 MeV. Finally, the thixck curve is depen_dence of the recoil spectrum ﬁg_l( suggests thaT,,X
the predicted background from the Monte Carlo simulation assum¢@n still be extracted well, perhaps with an error of 10% to
ing an observing time of 10 sec. 20%. Furthermore, other “energy blind” neutral current de-
tectors such as SNO and Super-K could provide additional
full 100 tons of liquid neon could be viewed with a threshold information to help fix they, flux. These detectors observe
of 2 photoelectrons, equivalent to a recoil energy of about &, via deuteron breakup of°0 excitation without direct in-
keV. The expected 62 background events is smaller than thigrmation onT, . Of course, when combining detectors one
expected supernova signal of 330 Ne elastic events above Ryeds to worryxabout different systematic errors.

keV in 100 tons. We have not yet performed detailed fits to determine how

The radioactive backgrounds, while small in comparison gy T, can be extracted. There are a number of uncertain-

to the supernova signal, can be lowered further through po-

sition resolution, since most gamma rays will deposit theirl€S: Changes in the supernova distance or achievable thresh-

energy in the outer edges of the liquid neon sphere. Recentl%ldmvl\:'gh'T;aztr ttr;;rs]tzﬂcsjtlv\?r?'irfl::rithe;,n;?\rg'r:;hengzgktgc)ror':]jgse
Monte Carlo simulations have shown that the location o 9 9. Y

L o : : osition cuts, such as in Fig. 5, further reducing statistics.
lonizing radiation events in CLEAN can be determined by'FI)'he supernova spectrum neged not be thermal. gerhaps it is

analyzing the pattern of photomultiplier hits. These simula-best to fit for an average, energy instead of a temperature
tions are described in detail in an upcoming publicafid4l. he relatively low threshold, 5 keV, in Fig. 4 may simplify

Here we show only some results relevant to supernova ne he determination of an average enerav. Finally. there are
trino detection. We find that a mild fiducial radius cut, leav- _ 9 ay: Y,

ing a mass of 70 tons, virtually eliminates gamma-ray back€ontributions fromv, and v,. We assume that the, flux
ground for the purposes of supernova neutrino detectio@d spectrum will be measured in Super-K, allowing its con-
(only 2.6+ 1.6 events in the fiducial volume in 10 $eThese  tribution to be accurately determined. We also expectithe
results are shown in Fig. 5. In the case of a fiducial volumeFOntribution to be small because of its low temperature.
cut, detecting a few more photoelectrons will improve theNote, Figs. 4 and 5 show the effects of changing just
convergence of the position resolution algorithm. Currentlywhile keepingT;e andTVe fixed.

we can analyze events that produce as few as 8 photoelec- For a supernova at 10 kpc, CLEAN should be able to
trons(recoil energy of 21 keif position cuts are applied. In - easily distinguish ifT, is close to 8 MeV, as expected in

general, as the' position cut Is |_ncreased or the number Cgome original simulations, or if,_is close to 5 MeV, which
photoelectrons is reduced, algorithm convergence should be x

carefully checked. The expected 2.6 background events aig e€xpected foiT, . This will show if the v, spectrum can

much smaller than the expected supernova signal of 140 Ngyntain any realistic information om— v, oscillations. Fur-

events above 21 keV in 70 tons. thermore, it may be crucial in using the spectrum to ex-
The signal-to-noise ratio reported here, though already;act quantitative information om,— v, oscillations.
quite large, might be significantly improved by the develop-

ment of photomultipliers with lower inherent radioactivity.
Such photomultipliers are under inves_t[gation by the CLEAN IV. CONCLUSIONS
and XENON Collaborations. In addition, plans are being
made to measure the quenching factor for nuclear recoils in Detectors with reduced radioactive backgrounds may be
liquid neon, as this measurement is important for the deterable to study supernovae via neutrino-nucleus elastic scatter-
mination of the sensitivity of CLEAN to WIMP particles, as ing. This could provide important information on the flux
well as for supernova neutrinos. and spectrum ob, (v, andv,). Elastic-scattering detectors

A great advantage of elastic detectors is their energy incould see a few or more events per ton for a supernova at 10

Yield (Events per KeV)

FIG. 5. Yield for 70 ton fiducial mass of CLEAN versus recoil
kinetic energyE. The solid curve is the expected supernova signal
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kpc. This is 20 or more times the number of events per ton ocattering may be compensated by a large detector mass.
existing water detectors. The CLEAN experiment, based ofThis may yield only slightly smaller statistics than CLEAN.
the detection of scintillation in liquid Ne, is a prime example We strongly encourage development of detectors based on
of a detector that would be sensitive to the elastic scatteringoth »-p and v-A elastic scattering since they may have
of supernova neutrinos. Its active mass of 100 tons may yielditferent backgrounds, thresholds, and systematic errors. Fur-

almost 400w, events. In addition, many other detectors, in-thermore, the very large— A elastic cross sections may al-
cluding the largest dark-matter and double-beta decay eXpw even larger statistics in future detectors.

periments, may also be sensitive to supernova neutrinos via
elastic scattering.

Observation of neutrino-nuclear elastic scattering will
complement supernova signals from other detectors. Water
detectors such as SNO or Super-K will detegctwithout v, We thank John Beacom, Steve Elliott, and Harry Miley
spectral information. This energy information could be im-for useful discussions and acknowledge financial support
portant for neutrino oscillations. KamLAND may be able to from DOE grant DE-FG02-87ER40365 and NSF grant
measure-p elastic scattering. This contains energy informa-0226142. We acknowledge the hospitality of the Aspen Cen-
tion just like v-A scattering. The small cross section fep  ter for Physics, where some of this work was done.
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